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EXECUTIVE SUMMARY 
 
 
This document describes the evaluation asset, which is a tool that supports the evaluation of 
applied games. The overall goal is to provide a modular approach to game evaluation that can 
easily be applied and integrated by game developers in their game projects. The idea of this 
asset is to utilise game-based user data and translate it into meaningful information about the 
quality of a game. This asset has added value for various stakeholders – developers, who get 
an instrument to easily evaluate their software, training providers, who get information about the 
pedagogical value of games, and the players, who are enabled to provide quick feedback 
without distraction. Relevant related work from the field of learning and game analytics is 
summarised. The technical implementation of the asset consists in a client-side and a server-
side component for collecting and pre-processing interaction data from games. This data is then 
analysed in terms of meaningful evaluation variables on which automatic reports and 
visualisations can be retrieved. The evaluation asset comes with configurable evaluation metrics 
for translating the data into meaningful information about aspects on usability and game 
experience. In addition, the evaluation asset may be linked to other assets, to make use of their 
data for additional information on the quality of a game. The technical implementation of the 
asset is described, as well as its integration and application in the context of a game. The 
evaluation asset, as an evaluation instrument complementing more traditional techniques (e.g. 
questionnaires), will be incorporated in the applied games developed in RAGE and applied in 
the context of the pilot studies. 
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1 INTRODUCTION 
 
The RAGE project aims at making available interoperable methodologies and reusable 
software components for supporting applied game development. In WP2 and WP3 assets for 
user data analytics and for social agency and game adaptation are developed, which aim at 
supporting game development and enhancing pedagogical value of games. The ‘Evaluation 
Asset’ is a software component developed in the context of WP8, which aims at supporting the 
evaluation of applied games. It follows the asset approach of the RAGE project and aims at 
providing a modular and easy-to-use approach allowing game developers to evaluate the 
quality of their applied games. 
 
Technically, the evaluation asset collects usage and interaction data while a player uses a 
game without disturbing or distracting the player. A predefined data scheme makes the data 
collection flexible enough that arbitrary games can send their data to the evaluation asset. An 
analysis module allows the filtering and aggregation of this data in way that the evaluator can 
use it for evaluation studies. This module also enables the definition of various measurements 
according to the objectives of the evaluation.  
 
The purpose of the Evaluation Asset is to support the evaluation of games and assets. It is a 
tool for the evaluator that assists in data collection and data analysis. While the evaluation 
method and measures are defined by the evaluation framework, the Evaluation Asset is used as 
an instrument of this framework. The goal of the evaluation asset is to support the conduct of 
the evaluations with their objectives and measures, and to enable their applications. Hence, the 
objective and scope of the evaluation asset is to provide the possibility to define evaluation 
measures, to conduct the evaluations by data collection, and to provide an analysis tool for the 
collected data. However, defining a complete set of evaluation measures for the individual 
games and evaluation studies is out of scope of this deliverable. Instead, it provides some 
examples, how such measures can be created in general and how they are formally defined. In 
contrast to learning analytics assets that collect and visualise data of the player in terms of their 
learning behaviour, the evaluation asset focuses on evaluation questions and metrics. It 
provides the possibility to easily conduct evaluation studies and analysis even for people with 
little knowledge in the field of evaluation.  
 
This deliverable describes the concept and technical approach of the asset including 
information how to integrate it in a game and how to use its analysis module. The software 
including source code and documentation is available on the asset pages of the RAGE project 
and TUGraz (http://rageproject.eu/rage-ecosystem/software-assets-inventory/, http://css-
kti.tugraz.at/projects/rage/assets/).  
 
The document is structured as follows: Section 2 outlines the overall idea and conceptual 
approach of the asset; in section 3 a short overview of relevant related work is given. Section 4 
elaborates in more detail the technical implementation of the software components. Section 5 
describes the integration of the asset in a game and, respectively, the actual application of the 
asset for the purpose of game evaluation. Finally, concluding remarks and an outlook to the use 
of the asset within RAGE and beyond is provided. 
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2 IDEA AND CONCEPTUAL APPROACH 
This section gives an overview of the concept of the evaluation asset. The basic idea, its 
conceptual approach, and the added value for various stakeholders are described.  
 
2.1 Overview  
 
The evaluation asset supplements the gaming assets developed in WP2 and WP3 of RAGE. 
This asset is conceptualised as a component that applies analytics for the purpose of evaluating 
the game artefact itself. It supplies an approach of gathering and analysing evaluation data 
about an applied game, in a non-invasive manner and without implying additional evaluation 
effort for end users of games.  
 
The main idea of the asset is to continuously collect in-game data while users are playing an 
applied game. Logging and analysing players’ usage behaviour and interactions, game-based 
user data is translated it into meaningful information about different aspects of game quality and 
game experience. By linking up to and utilising data from WP2 assets, an even more 
comprehensive evaluation of the game quality with respect to meeting its learning objective(s) 
shall be supported.  
 
The evaluation data and qualities addressed by the evaluation asset are in line with the 
evaluation questions and variables set out in the RAGE evaluation framework (RAGE-WP8-
D8.2). Concretely, the evaluation asset shall support evaluation measures related to evaluation 
levels 1 and 2 defined for applied games (the other levels cannot be evaluated via game-based 
user data): 1) subjective reaction to games and 2) learning (see Figure 11). On the ‘reaction’ 
level, usability and game experience are targeted in RAGE evaluation work. Usability refers to 
aspects of user interface design, navigation, playability. Game experience is a multi-dimensional 
construct; in RAGE the following aspects of game experience are considered: enjoyment, 
usefulness, flow, motivation, cognitive load, presence. 
 
 
 
Figure 1: Evaluation levels on the applied games for the RAGE use cases 
 
 
With the evaluation asset traditional evaluation of game quality and users’ perception of a game 
through explicit post-assessment can be meaningfully complemented. Thus, the evaluation 
asset enriches existing evaluation approaches and measures in the field of applied games. Data 
coming from those different kinds of data sources can be meaningfully triangulated and 
validated towards more conclusive evidence on the quality and benefit of applied game 
technologies. 
 
The asset will be applied as an evaluation instrument in the T8.5 evaluations in the context of 
the pilot studies in application scenarios. A prerequisite for this is, of course, the use of the 
asset in the RAGE applied games. Incorporation in the games shall be supported by a close 
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collaboration of WP8 with the game developers, to ensure a smooth integration and 
synchronisation with individual game affordances. 
 
2.2 Concept 
 
The evaluation asset captures game-based user data. The data is collected continuously and 
directly from the game (client-side or server-side approach) or harvested in bulk by the 
evaluation asset from the Client Tracker and Interaction storage assets. In addition, output data 
from selected other assets (e.g. motivation assessment or competence assessment) may be 
gathered. The data is pre-processed and transmitted for further aggregation and evaluation 
analysis in the background (server-side). Pre-defined measures for relevant evaluation variables 
(in line with the evaluation from selected other assets (e.g. motivation assessment), framework 
– in particular aspects of usability and game experience) are provided and can be configured 
and adapted to the data and features of an individual game; additional evaluation metrics may 
be incorporated. Automated reports and visualisations can be retrieved for the specified 
evaluation variables. The data can be exported for further analysis.  
 
2.3 Added Value 
 
The evaluation asset is considered to provide meaningful information for game developers as 
well as training providers. Implicitly, also players will benefit from this approach to game 
evaluation.  
 
Value for the developer: The evaluation asset supplies game developers with an instrument 
that enables an on-going evaluation of their games, providing information about users’ 
perception of a game and users’ progress towards game/learning goals. Through the asset, an 
assessment of the game artefact will be possible in a continuous and cost-efficient way. This 
approach of game evaluation is independent of a specifically organised evaluation event, but 
only requires the actual use of the game. The evaluation asset may support detecting critical 
game aspects or design issues that may be addressed in further game design and 
development.  
 
For the training provider: Training providers embedding applied games in their training will be 
highly interested in the pedagogical value of the game, i.e. how well this learning technology is 
perceived by their students/trainees, and whether the targeted objectives are met. The 
evaluation asset provides the opportunity for gathering this kind of data in the context of the 
actual real-world application of an applied game in educational practice. In this way, the asset 
supports providing information on the return on investment from a pedagogical perspective. 
 
Value for the player: With the evaluation asset data is collected non-invasively while the user 
is playing. This means data collection directly in the application scenario, without additional 
evaluation load or extra effort for users. Since the evaluation approach provided through the 
evaluation asset may support quicker and more direct feedback loops to game development 
and improvement, player may benefit in terms of better applied games. 
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3 RELATED WORK AND ROLE OF THE EVALUATION ASSET 
This section put the evaluation asset in relation to its context. First the related work is 
investigated how evaluation took place in game-based learning environments and which 
analytics methods were used. Second, learning analytics approaches within RAGE are shortly 
described and presented as context of the evaluation asset.  
 
3.1 Related Work 
 
The evaluation asset provides an approach for incorporating analytics of game-based user data 
in applied games. Therefore, existing work on learning analytics in the context of serious 
games, as well as approaches of game analytics in the context of game industry can be 
considered as relevant related work and is therefore shortly summarised in the sequel. 
 
With the increasing application of games to support instruction and learning, there comes a 
need of acknowledging learning game experiences also in the context of educational 
assessment. By recording user (inter)actions on a micro level learning games produce large 
amounts of data that may be used for analytics purposes. In fact, all digital games use in-game 
mechanics to appropriately respond to gamers’ actions. These analyses, however, focus on 
assessing playing performance instead of learning (Baalsrud Hauge et al., 2014). Learning 
analytics approaches aim at harnessing and making sense of game-based user data in an 
educationally relevant manner. In general, two types of LA in applied games can be 
distinguished (Westera, Nadolski, & Hummel, 2014): In-game analytics (real-time) and post-
game analytics (off-line).  
 
In-game learning analytics is designed into a game and usually serves two purposes: Providing 
teachers and learners analytics results as a basis for action (e.g. selection of educational 
resources, decision on additional support or learning tasks etc.), or realizing dynamic adaptation 
during game time. Such stealth or embedded assessment avoids disrupting game experience, 
since assessment is appropriately integrated in the game and carried out non-invasively (e.g. 
Bellotti, Karpalos, Lee, Moreno-Ger, & Berta, 2013; Snow, Allen, & McNamara, 2015). Stealth 
assessment is usually implemented by linking observable game behaviour with an underlying 
model of learning outcome, competence etc. and regularly updating the user model (e.g. based 
on Bayesian score models or Competence-based Knowledge Space Theory). In this way, 
learning can be monitored and fostered, for example by generating progress reports and 
selecting new game experiences (Shute, Ventura, Bauer, & Zapata-Rivera, 2009). Continuous 
non-invasive assessment was implemented in the educational games developed in the 
ELEKTRA and 80Days projects (Kickmeier-Rust & Albert, 2010) – learner actions in role-play 
games with complex problem-solving situations are monitored in order assess and up-date in 
run-time the current competence and motivational state of a player. This was used to trigger 
adaptive interventions to tailor the game and learning game experience to the needs and 
preference of each individual (Kickmeier-Rust, Steiner, & Albert, 2011). Another example of in-
game LA is presented by Baker and Corbett (2007), who realised skill assessment in an 
educational action game by using game events as evidence for users’ mathematical skills, and 
to analyse study gains in accuracy over time and in speed over time with learning curves. Such 
kind of approach proved useful for formative assessment in educational games and may also be 
used to inform re-design and improvement of intelligent tutoring systems. Ventura, Shute,and 
Small (2014) outline a method for assessing persistence in educational games based on the 
time that learners spent on unsolved problems; this information may be used to tune gameplay 
difficulty, feedback and hints. Stephenson et al. (2014) elaborated an automated detector of 
engaged behaviour in a simulation game. The aim thereby was to identify and model which 
learner actions give evidence of user engagement and, in the end, are predictive for success in 
the game. An integration of an engagement detector in the game may enable reporting the 
results back to learners and teachers for reflection. 
 
A post-game approach to learning refers to supporting summative learning outcome 
measurement or identifying general learning patterns. Only more recently and more rarely, this 
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kind of analytics is also used for the purpose of evaluation of the game artefact. Exploiting 
learning analytics for the purpose of game evaluation is considered an objective and cost-
effective approach to evaluation and may meaningfully complement self-reports and pre-post-
tests (Shoukry, Göbel, & Steinmetz, 2014). Serrano-Laguna, Torrente, Moreno-Ger and 
Fernández-Manjón (2012, 2014) proposed a two-step generic approach for post-game learning 
analytics in educational games, which is applicable with any kind of different game. Generic 
traces are gathered from gameplay, including game traces (start, end, quit), phase changes 
(game chapters), input traces (mouse movements, clicks), and other meaningful variables (e.g. 
attempts or scores). These data give rise to reports with general and game-agnostic 
information, like the number of students who played a game, average playing time, game 
phases in which users stopped playing etc. Visually reported, this information provides initial 
useful information on how learners interacted with a game. In a second step, additional 
information may be extracted by letting teachers define assessment rules based on and 
combining generic game trace variables to obtain new information (e.g. setting maximum time 
thresholds). These rules are defined closely in line with each game to match the educational 
objectives. A more specific approach of realising post-game LA was presented by Westera et al. 
(2014), who have used correlational and regression analyses to investigate switching behaviour 
between game objects and activities as predictor for learning performance.  
 
Game analytics denotes the application of analytics approaches to game development and 
research, to support decision making and to drive action and or improve performance on game 
projects – on operational, tactical, and strategic levels – and with the goal of developing 
profitable and effective games (for a comprehensive overview see Seif El-Nasr, Drachen, & 
Canossa, 2013). Game analytics are considered a key component of business intelligence in 
game development and have the overarching goal of supporting the growth of digital 
entertainment games (Loh, Sheng, & Ifenthaler, 2015). Data of player behaviour is utilised to 
create interpretable game metric measures. The usual purpose of these metrics is to improve 
gameplay by investigating and correcting game balance, detecting and overcoming problems in 
game design or features, identifying and relieving bottlenecks, analyse game contents that 
player’s like and dislike, distinguish different types of players etc. Game analytics therefore can 
be considered a process to better understand the game experience, as a basis to further 
improve it, e.g. in terms of usability, playability etc. (Medler 2009).  
 
Recently, initiatives of combining learning analytics and game analytics approaches are 
evolving, to give rise to ‘serious game analytics’ or ‘game learning analytics’ and gain most 
appropriate and meaningful methods and metrics for the effectiveness of serious games (Loh et 
al., 2015; Freire, Serrano-Laguna, Manero, Martínez-Ortiz, Moreno-Ger, & Fernández-Manjón, 
2016). These approaches shall serve the primary purpose of improving skills and performance 
of players/learners. 
 
3.2 Role of the Evaluation Asset 
 
Work on learning analytics in the context of applied or serious games mainly focuses on 
measuring and reporting learning success, to empower and support instructors and learners or 
to enable dynamic game adaptation. Learning analytics mainly address aspects of knowledge 
and skill acquisition and performance and relevant learner characteristics (e.g. engagement). A 
great challenge with LA in educational games is the wide variety of different games available, 
which complicates the development of generic analytics tools that are applicable independent of 
a concrete game. The technical challenges of providing technologies for data collection, 
aggregation, analysis, and visualisation are therefore high. Game analytics approaches pursue 
the evaluation of entertainment games to optimise gaming experience and maximise business 
profit. These approaches purely focus on gameplay and the enjoyment/fun and appeal of a 
game, while neglecting skills and performance of players and aspect relevant for learning. 
 
The evaluation asset shall provide an approach that serves assessing applied games. It is 
generic and applicable with virtually all sorts of games and provides a modular approach that is 
easy to integrate and use. Instead of providing a comprehensive and complex solution for 
carrying out analytics for all kinds of purposes, the evaluation asset provides a modular and 
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flexible implementation with easy integration good maintainability that is ready-to-use for game 
developers. Through predefined, configurable evaluation metrics, analytics for the purpose of 
game evaluation are provided, that are in line with the evaluation questions defined for the 
applied games in the RAGE evaluation framework. By linking to relevant assets delivering 
learning analytics, the evaluation asset shall provide multi-faceted insight on different relevant 
evaluation variables related to game usability, game experience, and learning. The outputs from 
the evaluation asset therefore shall provide meaningful evaluation information that gives game 
industry and training providers evidence of the quality of a game. In this way, evaluation 
mechanisms may be seamlessly integrated into an applied game, without the need of in-depth 
expertise and consideration of analytics and evaluation methods. 
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4 SOFTWARE DESIGN 
This section outlines the technical design of the evaluation asset. First it is described which data 
should be provided by the game and can be captured by the evaluation asset. In this way a 
connection between the game play and the evaluation is established. Second, the technical 
design of the evaluation asset including its components is described. Third, it is explained how 
the evaluation asset can be technically integrated with the game. 
 
4.1 Evaluation Data 
 
In order to perform a non-invasive evaluation that is based on log data, the game needs to 
provide data about the player's interaction with the game. These interactions are categorised 
into seven types. The game should provide some or all of these types. The following list 
describes the categories of interaction data: 
 
 Game usage and general data 
o It should be tracked when the game is started, stopped (exited), paused, or 
resumed 
 User profile 
o It should be tracked when the player makes changes on the user profile 
settings 
o For example the change of difficulty level or the change of appearance of the 
player character 
 Game activity 
o Every time a game-specific activity is performed by the player, this activity 
should be recorded. In addition, if this activity is performed with an in-game tool, 
then also the used tool should be recorded. Furthermore, it should be recorded, 
if this activity was useful for reaching the goal of the game (if this information is 
available) 
o For example, sending a message with the built-in chat tool would lead to the log 
data "message - chat tool". 
 Gamification activity 
o Activities that are related to the meta level of the game (dealing with the scores 
or goal of the game) 
o For example, viewing the ranking/leaderboard, high scores, or group 
comparisons, overview of game goals or modules 
 Game state 
o Each time when a change in the game state is done by the game (game 
situation, difficulty level, task completion) 
o For example, the player reaches the next difficulty level or the player completes 
a task 
 Support 
o Each time the player requests support and explanation 
o For example, accessing the built-in help functionality or explanation of the game 
goals 
 Asset activity 
o Each time the result of an assets is used (or not used) by the game 
o For example, assessment, intervention, recommendation  
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The following table describes in detail which data a game should send. It also connects events 
that happen in a game with the data to be provided. Furthermore, it outlines which data are 
game-independent and which data are game-dependent.   
 
Category  Parameter Remarks 
gameusage event= 
 gamestarted 
 gamestopped 
 gameresumed 
 gamepaused 
The same vocabulary for each game 
userprofile event= 
 e.g. 
difficultylevelchanged 
 e.g. 
appearancechanged 
 … 
Depending on the game and the 
possibilities to change user profile settings, 
respective events should be sent, if a user 
profile setting is changed.  
gameactivity event= 
 e. g. messagetoplayer 
 e. g. messagetonpc 
 … 
goalorientation= 
 progression 
 regression 
 neutral 
 notavailable 
tool= 
 e.g. chattool 
 … 
Depends on the game, which activities can 
be performed. If a game-specific activity if 
performed then this information should be 
sent. 
 
If an in-game tool is used for this activity 
(e.g. chat tool), then this information should 
also be sent. 
 
In addition, it should be added, if a the 
activity contributes to achieving the game 
gaol by using the goalorientation attribute 
(fixed vocabulary). 
 
gamification event= 
 e.g. personalscrore 
 e.g. groupscore 
 … 
If the player performs an activity that are 
typical for gamification (e.g. viewing score), 
then this activity should be sent. It d 
epends on the game, which gamification 
elements are available. 
 
gameflow piecetype= 
 task 
 level 
 gamesituation 
pieceid= 
 [task-id|level|…] 
piececompleted= 
 success 
 failure 
If a game piece (game level, game 
situation, mini game, etc.) is changed, then 
this information should be sent. 
Furthermore, the ID or a game piece 
should be added and if it was completed 
successfully. 
It depends on the game which possibilities 
to change the game flow it contains.  
support event= 
 e.g. help 
 e.g. gamegoal 
 … 
If the player requests a support 
functionality of the game (e.g. help or 
assistent), the game should send this 
information. It depends on the game which 
type of support it provides.  
 
assetactivity assetid=[assetID]  
 
If the game uses an asset, this information 
should be sent to the evaluation asset. It 
depends on the game, which assets are 
included.  
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4.2 Software Components and Architecture 
 
The evaluation asset consists of a server-side and a client-side component. The server-side 
component is the main part that accepts evaluation or tracking data, stores this data, analyses 
the data, and makes available the results to the evaluator. It is implemented as Java Servlet and 
can be used by any Servlet container (e.g. Tomcat). Depending where the servlet is deployed it 
gets a respective URL that is used by the game to send evaluation data and by the evaluator to 
retrieve and analyse this data.  
 
There are three possibilities how a game can send data to the evaluation asset (an overview is 
given in Figure 2): 
 Option 1: using the client-side component 
 Option 2: directly via a REST interface 
 Option 3: using the Tracker infrastructure (not implemented at the moment 
 
 
 
 
Figure 2: Software architecture of the evaluation asset 
 
 
The first option includes a client-side component that is implemented in C# and included in a 
game in the same way as RAGE assets are included (by using the asset infrastructure). The 
data to be sent are passed to the client-side component via a simple method call. Then the 
client side-component transforms this data in XML and forwards it to the server-side component. 
 
The second option does not include any additional component. The evaluation data is sent 
directly to the server-side component using a REST interface. This has the advantage that no 
additional software component has to be included. However, the data format is more complex 
then in the case of using the client-side component. Basically there are two possibilities, to send 
data to the server-side component: (a) via GET method using key-value pairs and (b) via POST 
method using XML format. While the first one might be easier to use for the game, the second 
one is more reliable and clear in terms of the transmitted data.   
 
The third option (which has not been implemented yet) includes the usage of the Tracker 
infrastructure. Most games use the client-side tracker anyway to track relevant information. The 
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client-side tracker passes the data to the server-side tracker, where it can be imported to the 
evaluation asset. The advantage of this method would be that no extra data handling is needed. 
However, the tracker requires data in xAPI format. So the evaluation data has to be translated 
to xAPI format. In addition, an import module has to be created to capture the data from the 
server-side evaluation asset component. 
 
In comparison to option 3, option 1 and option 2 have the advantage that no additional software 
components are needed to conduct evaluation studies. The game just has to send log data to 
the evaluation component in a simple format. Hence, this way the evaluation asset is available 
as in a self-contained form and does not rely on other components. 
 
The server-side component also provides a Web interface that can be used by the evaluator to 
access the evaluation data and evaluation results. Using the analysis module relevant data is 
extracted from the raw data. The evaluator gets automatic reports by connecting with the Web 
browser. 
 
 
4.3 Game Integration and API 
 
In order to integrate the evaluation asset in a game, two decisions have to be made: 
 
 It has to be analysed which data the game can send to the evaluation asset according 
to the scheme described in Section 4.1.  
 It has to be decided how the data should be sent to the evaluation asset (which of the 
options described in Section 4.2) 
 
After clarifying these two questions one of the following methods has to be used to send the 
evaluation data to the evaluation asset. 
 
Option 1: Client-side evaluation asset 
 
The client-side component provides a single method that can be used to send the evaluation 
data. Calling this method makes the component to send the data to the server-side component. 
 
void sensorData (String eventtype, String parameter) 
 
where 
 
eventtype – is the category as described in Section 4.1 
  
parameter – is a string of parameters in the format of a URL GET request, for example 
"event=messagetoplayer&tool=chattool" 
 
 
Option 2a: REST Call with GET Method 
 
The evaluation data can also be sent directly to the server-side component by using a REST 
call with GET method. The following GET parameters can to be used: 
 
Parameter Description 
predicate the event type 
event the concrete event 
goalorientation the goal orientation if the event type is "gameactivity" 
tool the tool if the event tytpe is "gameactivity" 
piecetype the piece type if the event type is "gameflow" 
pieceid the piece id if the event type is "gameflow" 
piececompleted the completeness level if the event type is "gameflow" 
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assetid the completeness level if the event type is "gameflow" 
 
 
 
In addition to these evaluation data, general information has also to be sent to the server-side 
component: 
 
Parameter Description 
gameid the ID or unique name of the game 
gameversion   the version of the game in the format "major.minor" 
playerid the ID of the player 
 
 
The combination of the parameters has to be according the table in Section 4.1. Hence, not all 
parameters are needed, but some event types require specific other parameters. For example, 
a call could look like: 
 
?gameid=game1&gameversion=0.1&playerid=123&predicate=gameusage&even
t=gamestarted 
 
The parameters have to be sent to the REST endpoint of the evaluation asset: 
 
http://server-of-asset:8080/evaluationasset/rest/sensordatagame 
 
Option 2b: REST Call with POST Method 
 
In addition to REST calls with GET method, the server-side evaluation asset also accepts REST 
calls with POST method. In this case, the evaluation data have to be formatted in XML in the 
following way: 
 
<sensoritem> 
  <context project="rage" appid="GAMEID" appversion="VER" applang="CODE" /> 
  <actor id="PLAYERID" group="" ref=""/> 
  <predicate tag="EVENT-TYPE "/> 
  <valuedata KEY1="VALUE1" KEY2="VALUE2" /> 
</sensoritem> 
 
In general, the same information as described above can be sent to the server-side component 
as described above. However, the key names in this format are a bit more general, as it should 
also work for the evaluation of other applications than serious games. 
 
project  – is always "rage" 
appid  – this is the game ID or unique game name 
appversion  – this is the version of the game, in the format "major.minor" 
applang  – this is the language of the game as the player uses it 
actor: id  – this is the player ID 
actor: group  – this is a specific evaluation group (if applicable) 
actor: ref  – this is the reference of the player (e.g. a university; if applicable) 
predicate: tag  – this is the event type 
valudata  – this is the place where the specific parameters of an event type can be 
added as key-value pairs, e.g. event or goalorientation 
 
The endpoint of the REST call with POST method is: 
 
http://server-of-asset:8080/evaluationasset/rest/sensordata 
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5 ASSET APPLICATION 
 
This section describes how the evaluation asset can be used by the evaluator to perform an 
evaluation. While the previous section explained how the asset is connected with the game and 
how interaction data from the game is collected, this section explains how data analysis can be 
made. 
 
This section provides both (a) a description of the general approach how to define and 
implement evaluation measures and (b) initial measures that are pre-configured and ready to be 
used. In the first subsection presents the initial evaluation measures and including the 
theoretical considerations leading to their definitions. The second subsection presents how 
evaluation measures can be defined technically and an example of an initial measure from the 
first subsection.  
 
5.1 Data Analysis  
 
The evaluation asset provides data analyses with respect to a range of evaluation variables for 
applied game evaluation, in line with the RAGE evaluation framework (see section 2 Idea and 
Conceptual Approach). Preliminary metrics for selected evaluation variables have been defined 
and are pre-configured in the evaluation asset. These may be adapted for an individual game 
and extended by additional measures. 
 
In general, the evaluation asset allows analysis across players (all players or groups of players) 
– i.e. the goal is not to provide analytics about individual players, but to provide aggregated data 
giving an indication on relevant aspects of the quality and perception of an applied game. 
 
First of all, the asset provides aggregated general game tracking and usage data, which 
provides initial useful information for game evaluation. This includes statistics on, for example, 
the number of players, frequency of game sessions, the average duration of a game session 
etc. These may provide first indication about the overall enjoyment of a game – as a basic 
aspect of game experience.  
 
If a game comes with mini-games or game situations that may be selected by players in a self-
regulated manner, the frequency of selecting a certain mini-game in relation to overall game 
usage indicates the enjoyment of individual mini-games or game situations. 
 
Another aspect of game experience for which the evaluation provides data analysis is flow. 
Flow is defined as a positively perceived experience and state of full immersion in an activity 
that typically goes along with a loss of sense of time (Csikszentmihalyi & LeFevre, 1989). Flow 
can be characterised by the following features: challenge-skill balance, merging of action and 
awareness, unambiguous feedback, concentration on the task, time transformation, and fluency 
of actions (e.g. Vollmeyer & Rheinberg, 2006). The fluency of action has been taken up for 
creating a metric on one important aspect of flow in the evaluation asset. Fluency of action can 
be analysed by considering the number of actions per time unit and identifying variation of 
number of actions per time unit – fluency of action would be represented by a low variability of 
actions per unit.  
 
To assess motivation the evaluation asset also analyses chains of actions. Cocea and 
Weibelzahl (2011) have identified that disengaged behaviour in online learning is characterised 
by quickly browsing through pages or by spending a long time on the same page or test. This 
can be translated to a game context by analysing game activities/events and their chronology. 
An optimal number/range of actions per time unit is defined. If the average number of actions 
per unit is within this pre-defined range, motivation can be considered appropriate. If the number 
of actions per unit is below or above the defined criterion, this is an indicator for disengagement 
of players. This kind of analysis may also be carried out on a more fine-grained level for 
individual game situations/levels or mini-games.  
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A key aspect of usability is ease of use (or learnability) of a system (e.g. Bevan, Kirakowski, & 
Maissel, 1991). In a game context this relates to the questions whether navigation and game 
control is self-descriptive and the time for learning to use the system is minimised. Metrics for 
this evaluation variable are: frequency of using/accessing help in relation to overall game 
usage; average time spent on explanation pages in relation to total time interacting with a game. 
 
With respect to evaluation of learning effectiveness, the evaluation asset uses information on 
the ‘goal orientation’ of game events/actions. In the data format used by the evaluation asset, 
for a game activity or event it is also identified whether an activity contribute to achieving the 
game goal. Sind the overarching goal of an applied game consists in achieving the learning 
objective, all actions that mean a progress towards the game goal can also be considered as 
supporting learning. The number of game actions representing a progression in relation to the 
total number of actions with a specified goal orientation (progression, regression or neutral) or, 
respectively, the ratio of ‘progression actions’ to ‘regression actions’ is used as a basic metric 
for learning.  
 
5.2 Analysis Module 
 
The subsection above presented initial ideas, which aspects can be measured with the 
available evaluation data. In order to perform such an evaluation, a module is needed where the 
evaluator can apply these measurements. The evaluation asset provides a Web interface that 
allows to specify and apply these measures.  
 
The basic idea of this interface is to filter the evaluation data and do calculations on their 
occurrences and attributes. Filtering means that only data are taken into account, that meet 
certain criteria, such as game ID, player ID, event type, or a specific attribute from the 
parameter list.  
 
For example, all events are taken into account that meets the criterion that they come from 
game "Game123" with version "1.0" created by player "PlayerXYZ" through the event type 
"gameactivity": 
 
Example Filter A:  
game ID =   "Game123" 
game version =  "1.0" 
player ID =   "PlayerXYZ" 
event type =  "gameactivity" 
 
Another filter could be defined to filter out all activities as above, but only if they were successful 
in terms of the goal of the game. This filter is the same as above, but has the additional attribute 
"goalorientation" included. Obviously such a list is a subset of the set above.  
 
Example Filter B 
game ID =   "Game123" 
game version =  "1.0" 
player ID =  "PlayerXYZ" 
event type =  "gameactivity" 
goalorientation =  "successful" 
 
In order to perform calculations, specific operators are available that can be applied on filtered 
sets of evaluation data.  
 
The current set of operators include: 
 "count" operator  - allows to count the number of filtered events  
 "average duration" operator - allows to calculate the average time between data 
items 
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 "variation duration" operator – allows to measure the variation time between the 
data items (standard deviation) 
In order to define measurements, calculations are done by combing the operators with basic 
arithmetic calculations (addition, subtraction, multiplication, division).  For example, the ease of 
use was defined as frequency of using/accessing help in relation to overall game usage. This 
can be expressed as: 
 
 count (Filter X) / count (Filter Y) 
 
where  
 Filter X:  
o game ID = "Game123" 
o game version = "1.0" 
o player ID = "PlayerXYZ" 
o event type = "support" 
 Filter Y:  
o game ID = "Game123" 
o game version = "1.0" 
o player ID = "PlayerXYZ" 
o event type = "gameactivity" 
 
This method of defining filters and calculations based on interaction data provides a generic way 
of defining measurements for various evaluation aspects. Some measures have already been 
predefined expressing the considerations in the subsections above. However, new evaluation 
measures can be added in the future using the infrastructure of evaluation data, filters, and 
operators as described above. In this way a corpus of evaluation measures can be expanded 
and reused.  
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6 CONCLUSION AND OUTLOOK 
 
This deliverable presented the concept, implementation, integration, and application of the 
evaluation asset. This included the type of information used from the games (evaluation data), 
the technical integration with games (software APIs), and the definition of evaluation measures.  
 
It is important to mention that the evaluation asset is an instrument of the evaluation framework 
and thus a tool for the evaluator. Though it aims at evaluating serious games using pre-
configured and newly defined evaluation metrics, the results still underlies the interpretation of 
the evaluator. It is also the task of the evaluator to select appropriate evaluation measures or to 
define new ones.  
 
At the current state, the evaluation asset is capable of receiving evaluation data according to a 
specified data scheme and of analysing this data according to pre-defined or newly defined 
evaluation measures. A Web interface allows the evaluator do the data analysis and an update 
of the evaluation measures.  
 
However, apart from the developed software and its conceptual approach, further details and 
specifications have to be defined. This will be done in the course of the first evaluation studies.  
 
First future activity is the concrete definition which data is captured by which game. This 
definition will also be done along with the definition of the evaluation aspects to be measured 
with the evaluation asset. Typically, the captured evaluation data must be selected from the list 
in Section 4.2. 
 
Second activity is the selection which pre-configured evaluation measures are appropriate, and 
if new measures are needed. Currently, the available evaluation measures have not been 
tested in evaluation studies. In the first round of serious game evaluations, the evaluation 
measures are reviewed and updated or extended if needed.  
 
In addition to the alignment with the concrete evaluation activities, technical updates and 
documentation will also be carried out in the near future. As explained in Section 4.2 it is under 
discussion, if and how the Tracker asset can be used to capture data in a different way. 
Furthermore, a more complete documentation of the evaluation asset and its interfaces will be 
elaborated.  
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